The relationship between mitogen-induced changes in the cytoplasmic pH and free Ca2+ concentration in rat thymocytes.
The relationship between pHi and [Ca]i signals generated in rat thymocytes by the mitogen Con A has been investigated. It is shown that the mitogen-induced [Ca]i rise is dependent on Na+/H+ exchange or some other Na(+)-sensitive process. This conclusion is based on the following findings: (i) [Ca]i response to Con A weakens upon decreasing the concentration of extracellular Na+, or inhibiting Na+/H+ exchange; (ii) agents that alkalinize the cytoplasm (the phorbol ester TPA, the Na+/H+ ionophore monensin and NH4Cl) cause an increase in [Ca]i (Klip, A., Rothstein, A. and Mack, E. (1984) Biochem. Biophys. Res. Commun. 124, 14-22; Grinstein, S. and Goetz, J.D. (1985) Biochim. Biophys. Acta 819, 267-270); (iii) The effects of Con A, TPA and monensin on [Ca]i are not additive. The last observation suggests that all these agents activate the same Na+/H+ (Na+ and/or H+)-dependent system of Ca2+ transport. It is found that the pH i and [Ca]i responses in rat thymocytes are sensitive to changes in the intracellular levels of cyclic nucleotides, ATP and in temperature. These regulatory effects on the ionic signals are different for Con A, TPA and monensin. In particular, both the stimulation of Na+/H+ antiport and the [Ca]i rise brought about by Con A or TPA are inhibited upon elevating the cellular cAMP. In contrast, the monensin-induced [Ca]i signal is almost independent of cAMP but is highly sensitive to changes in cGMP and temperature. Reducing the ATP level eliminates both the pHi and [Ca]i responses to Con A but not to monensin. These different characteristics of [Ca]i signals elicited by the mitogen and the Na+/H+ ionophore indicate that these agents use different mechanisms to activate the Na+/H(+)-dependent Ca2+ transporting system. A [Ca]i response to monensin has been obtained in some other cell types, namely, in lymphoblastoid Raji cells, Ehrlich ascites tumor cells and also in platelets.